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Objectives
To evaluate the neck strength of school-aged rugby players, and to define the relationship 
with proxy physical measures with a view to predicting neck strength.
Methods
Cross-sectional cohort study involving 382 rugby playing schoolchildren at three Scottish schools 
(all male, aged between 12 and 18 years). Outcome measures included maximal isometric neck 
extension, weight, height, grip strength, cervical range of movement and neck circumference.
Results
Mean neck extension strength increased with age (p = 0.001), although a wide inter-age range 
variation was evident, with the result that some of the oldest children presented with the same 
neck strength as the mean of the youngest group. Grip strength explained the most variation in 
neck strength (R2 = 0.53), while cervical range of movement and neck girth demonstrated no 
relationship. Multivariable analysis demonstrated the independent effects of age, weight and 
grip strength, and the resultant model explained 62.1% of the variance in neck strength. This 
model predicted actual neck strength well for the majority of players, although there was a 
tendency towards overestimation at the lowest range and underestimation at the highest.
Conclusion
A wide variation was evident in neck strength across the range of the schoolchild-playing 
population, with a surprisingly large number of senior players demonstrating the same mean 
strength as the 12-year-old mean value. This may suggest that current training regimes 
address limb strength but not neck strength, which may be significant for future neck injury 
prevention strategies. Age, weight and grip strength can predict around two thirds of the 
variation in neck strength, however specific assessment is required if precise data is sought.
Article focus
 Evaluation of the neck strength of school-
aged rugby players
 The determination of a proxy measure
that could be used practically by coaches
and medical staff in order to determine
individual neck strength
Key messages
 It is assumed that adequate neck strength
is protective against neck injury in rugby
players. We found the neck strength of
school aged rugby players to generally
increase with age, but to vary widely,
which may be important for future injury
prevention strategies and in developing
training interventions
 Specific neck strength can be predicted
via the model presented with measures of
age, weight and grip strength
Strengths and limitations
 This is the first study to directly assess the
neck strength of school-aged rugby play-
ers, with the relatively large size of the
sample and the range of assessment
parameters being particular strengths of
the study
 A limitation is the assumed but unsub-
stantiated causal association between
neck strength and severity of injury to
the neck in the sport of rugby. This is
recommended as a focus for future
research
Freely available online
Keywords: Rugby, Adolescent, Neck, Strength, Physical assessment, Injury prevention
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Introduction
Professional rugby union carries a higher incidence of
injury compared with other sports,1 most of which results
from the contact phases of the game.1-6 Increases in
strength and speed, and therefore also power and
momentum, are considered to contribute to the rise in
the injury rate of professional players.2,3 A similar trend is
suspected in rugby played in schools. Due to the lack of
appropriate data collection systems this has not been
substantiated,7 although two recent studies do support
the assertion of an increasing injury problem within
youth rugby.2,8
Catastrophic injury is rare in rugby, with an injury risk
reported as 0.8/1000 playing hours in the professional
game.2 Serious neck and spinal injuries are also thought
to be rare in the youth game.9 However, every neck injury
is of significance due to the profound morbidity that may
result. A recent survey of admissions to spinal injury units
in the United Kingdom demonstrated that serious neck
injuries continue to occur in school rugby players, albeit
with a low frequency.10 Data from the spinal injuries unit
in Glasgow suggests an alarming spike in the rates of
catastrophic spinal injury in the Scottish schoolchild
rugby playing population.11 Less severe neck injuries are
more common in the game and may account for up to
30% of all reported injuries.8
The cervical spine is repeatedly exposed to potentially
injurious forces, which are usually attenuated by con-
trolled spinal motion through the cervical musculature,
ligaments and inter-vertebral discs.12 Pinsault, Anxionnaz
and Vuillerme13 speculated that repeated violent impacts
on the cervical spine impair muscle function and proprio-
ception, which is important for the initiation of spinal
reflexes that act to stabilise and protect the cervical spine.
Strengthening of the neck is considered to be a preventa-
tive measure against neck injury in physically demanding
contact sports such as rugby, where increased neck
strength may be useful.14,15 Development of the cervical
musculature is advocated as beneficial in school grade
players to protect against injury. However, the neck
strength of youth rugby players has not been docu-
mented, nor the extent to which neck strength changes
with physical maturity.
The primary aim of this study was to evaluate the neck
strength of school-aged rugby players. Secondary aims
were to investigate and define the relationship of neck
strength with proxy physical measures with a view to pre-
dicting neck strength.
Materials and Methods
Study population and design. An observational cohort
study was performed to investigate the specific neck
strength of rugby playing schoolchildren. All rugby-
playing schoolboys between the ages of 12 and 18 at
three Scottish schools were invited to take part. Participa-
tion was entirely voluntary. Signed consent was
obtained from the pupil after documented consultation
with their parent or guardian. Regional Ethics Committee
approval was received for this study. A total of 382 boys
were assessed.
Neck strength assessment. Maximal voluntary isometric
cervical muscle strength was assessed with a bespoke
device based on a 300 kg load cell (Tedea-Huntleigh,
Cardiff, United Kingdom) and TR150 Portable Strain Dis-
play Load Cell/Force Transducer (Honeywell, Marlton,
New Jersey) employing a testing protocol previously
reported.14 Any maximal muscle assessment contains the
potential for a degree of muscle soreness following the
test. This was minimised by limiting rotational move-
ments and testing the muscle contraction along anatom-
ical lines. Additionally the test was ended at the moment
muscle force was measured to peak and thus sustained
muscle contractions were limited. An average of three
maximal peak force measurements was recorded in each
test. The test was performed subjecting the neck to man-
ual controlled linear incremental loading in the absence
of pain or neurological symptom (that stopped the test)
the head was held in the neutral anatomic position at all
times throughout the test. The peak isometric force was
recorded at the point of head movement.
Isometric cervical muscle testing is well validated in
adult populations.16-18 We incorporated additional
validation within this cohort; the intra-observer variability
and repeatability formed excellent correlation
coefficients (r = 0.9, p < 0.001) that has been reported
separately.19
Additional measures. Height (Leicester Height Measure;
SECA, Birmingham, United Kingdom), weight (medical
grade mechanical flat scales; SECA) and grip strength
(JAMAR hydraulic hand dynamometer; Sammoms Pres-
ton, Bolingbrook, Illinois) were assessed in the entire
population. Cervical range of movement (ROM) (Cervi-
cal Range of Motion Instrument; Performance Attain-
ment Associates, Minneapolis, Minnesota) and neck
circumference (standard tape measure) was assessed in a
subgroup of 166 boys aged 15 to 18 years. For efficiency
of testing in large numbers at single sittings we decided
not to assess these additional factors in the youngest
boys (aged 12 to 14 years).
Statistical analysis. Data were analysed using SPSS v14
(SPSS Inc., Chicago, Illinois) and GraphPad v5 (GraphPad
Software, La Jolla, California). Data were checked for nor-
mality, and following this parametric tests used. One way
analysis of variance (ANOVA) was used to assess variance
in continuous measurements across groups (neck
strength, ROM, height, weight, body mass index across
age groups). A Bonferroni correction was applied to
reduce the chance of a type I error associated with multi-
ple testing. The data was reported as means with stan-
dard deviations (SD) as a measure of dispersion.
Pearson correlation coefficients were reported for the
bivariate correlation of continuous variables (neck
AGE-RELATED DIFFERENCES IN THE NECK STRENGTH OF ADOLESCENT RUGBY PLAYERS 154
VOL. 1, No. 7, JULY 2012
strengths with age, height and weight). Multivariable
modelling was achieved using multiple linear regression.
Potential predictive variables were selected if their bivari-
ate significance was p < 0.10 to account for the possibility
of variables achieving statistical significance once the
confounding influence of another variable was con-
trolled. Once this model was performed, a second defin-
itive model was constructed with the variables that had
reached significance on the first model. This was to
achieve the most predictive model, with the fewest pre-
dictive variables. The overall significance level was
selected as p < 0.05 and two-tailed p-values are reported
throughout. The performance of the model was assessed
using a Bland and Altman plot.20
Results
Data were collected for 382 schoolchildren. Mean height,
weight and grip strength are reported in Table I. Isometric
neck extension strength increased with age (p < 0.001,
ANOVA), although wide variations within age groups
were apparent (Fig. 1).
The mean neck extension strength increased with age,
from 18 kg (SD 3.1) for the 12-year-old group to 34 kg
(SD 8.1) for the 18-year-old group. However at each age
group there was a large range of between 15 kg and 30 kg.
As illustrated in Figure 1, there were some 18-year-old partic-
ipants who were weaker than the mean value for the 12-
year-old group. This demonstrates that neck strength does
not increase uniformly with growth. Further parameters
Table I. Mean height, weight and grip strength by age grade
Age group 
(yrs) Number
Mean (SD) 
height (cm)
Mean (SD) 
weight (kg)
Mean (SD) grip
strength (kg)
Mean (SD) neck
extension 
strength (kg)
12 54 155 (7.6) 48 (9.2) 23 (3.9) 18 (3.1)
13 68 163 (7.8) 54 (10.8) 27 (5.0) 21 (3.9)
14 64 170 (7.5) 61 (9.8) 33 (8.1) 25 (5.7)
15 66 175 (7.0) 68 (11.4) 38 (6.9) 28 (6.0)
16 54 179 (7.5) 72 (10.2) 42 (8.1) 30 (6.0)
17 59 180 (6.2) 76 (12.8) 43 (8.1) 32 (6.3)
18 17 182 (8.1) 84 (14.9) 46 (6.9) 34 (8.1)
Total 382
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Fig. 1
Box plot showing neck extension strength by age group. The boxes represent the median value and interquartile
range, and the whiskers represent the range of data.
155 D. F. HAMILTON, D. GATHERER, P. J. JENKINS, J. G. B. MACLEAN, J. D. HUTCHISON, R. W. NUTTON, A. H. R. W. SIMPSON
BONE & JOINT RESEARCH
were assessed in the subgroup of 166 boys aged between
15 and 18 years (Table II). Circumference of the neck was
similar in the different age groups. Cervical ROM for flexion-
extension and side flexion increased with age (p = 0.007 and
p = 0.025, respectively), but no statistically significant
change was seen in rotational ROM (p = 0.902).
Isometric neck extension strength correlated with age,
weight and grip strength and modestly with height.
Further measures of cervical range of motion and neck
circumference did not correlate with cervical extension
(Table III, Fig. 2).
Of the neck strength proxy measures, grip strength
explained around half the variation in neck extension
strength (R2 = 0.53) whereas neck circumference demon-
strated no relationship (Fig. 2). A multivariable analysis
demonstrated the independent effects of age, height,
weight and grip strength on neck extension strength.
Height was not a significant predictor of neck strength
(p = 0.672) and was therefore removed (Table IV).
The resultant model explained 62.1% of the overall
variance in neck strength (Fig. 3). The model performed
well for the majority of players however; there were out-
liers in the predictive model at extremes of neck extension
strength (Fig. 4). It tended to over predict extension
strength at the lowest of the range and under predict at
the highest extremes.
Discussion
The results of this study demonstrate the progressive
changes in isometric neck extension strength with age,
and the relationship with bodyweight and grip strength
in school-aged rugby players. A large variation of neck
strength was evident at each age group, and the neck
strength of a number of older participants was equivalent
to that of the mean value for the 12-year-old group. This
may suggest that current training regimes concentrate
more on building limb strength than neck strength.
Table III. Bivariate correlation of neck extension strength
with anthropometric measures and range of movement
(ROM) characteristics
Characteristic
Pearson 
correlation (r) p-value
Age 0.668 < 0.001
Height 0.452 < 0.001
Weight 0.717 < 0.001
Grip strength 0.731 < 0.001
ROM* flexion/extension 0.140 0.074
ROM side flexion 0.012 0.115
ROM rotation -0.003 0.971
Neck circumference -0.048 0.544
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Fig. 2b
Plots showing bivariate correlations of neck extension strength versus a) grip
strength and b) neck circumference.
Fig. 2a
Table II. Mean cervical range of movement (ROM) and neck circumference of participants aged between 15 and 18 years
Mean (SD) ROM (°)
Age group (yrs) Number (n = 166)
Mean (SD) neck 
circumference (cm) Left/right rotation Side flexion Flexion/extension
15 36 35.2 (3.3) 70.3 (6.6) 41.0 (6.5) 73.8 (12.4)
16 54 33.1 (3.0) 70.4 (9.0) 43.0 (6.6) 78.2 (9.7)
17 59 33.9 (3.2) 71.3 (6.9) 43.3 (5.9) 76.1 (11.4)
18 17 32.4 (3.0) 70.9 (7.3) 47.6 (7.6) 93.2 (9.4)
p-value 0.006 0.902 0.007 0.025
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Neck strength is thought to be of key importance in the
prevention of neck injuries through the modulation of
excessive translational and shear forces (tackle) or exces-
sive impact and shear force when the athlete’s head is
forced into the playing surface.21 It is thought that when
these forces are not dissipated effectively injury may
occur.14 Despite this assumption, little is known as to the
specific strength of the cervical musculature in schoolboy
rugby players.
Two recent papers explore the specific assessment of
injury in schoolboy rugby players. Haseler, Carmont and
England2 described an injury surveillance programme
over a single season at a community rugby club repre-
senting some 210 male players with an age range from
under-9 to under-17 teams. Relatively few injuries were
reported (24 per 1000 playing hours), although a signifi-
cantly higher number of moderate and severe injuries
occurred in the under-16 and -17 teams compared with
the more junior sides. Head injuries along with shoulder
and knee injuries were the most frequently reported site
of injury, but the authors acknowledged that the study
was underpowered and the numbers too small to investi-
gate the differences in these rates. McIntosh et al8
reported the incidence and risk factors of head and neck
injury in Australian youth rugby players, suggesting that
age and player position (forwards, especially the front
row) were related to head and neck injury risk.
The testing of an individual’s neck strength requires spe-
cialist equipment and is relatively labour intensive. As such,
proxy measures of global strength are advocated as prag-
matic guides to estimate this. Suggested measures include
grip strength and muscle cross-sectional area. Interestingly,
in this study, grip strength accounted for only around 50%
of the variation of specific neck strength across the cohort
(Fig. 2a), while circumference of the neck, as an estimate of
cross sectional area, was not associated with maximal iso-
metric strength (r = 0.05, p = 0.55) (Table III, Fig. 2b). The
range of neck flexion/extension and side flexion increased
with age, but rotation remained constant.
Maclean and Hutchison,10 in a review of adolescent
rugby-related admissions to United Kingdom spinal inju-
ries units recently reported that the contact phases (spe-
cifically the tackle and scrum) of the game accounted for
the majority of serious neck injuries, highlighting the
importance perhaps of adequate musculature to protect
this potentially vulnerable region.14 The regression model
provides a useful approximation of a player’s neck
strength without the need for specialist assessment,
derived from measures of age, grip strength and body
weight (Table IV). Measures of height, neck circumfer-
ence, ROM and neck side flexion strength were not signif-
icant predictors of neck extension strength. This model
demonstrated reasonable accuracy, explaining around
two thirds of the variation in neck strength by associated
morphological parameters. The tendency to over- or
underpredict at the extreme ranges suggests that specific
assessment of the neck should perhaps be employed in
situations where precise measurement is particularly
important, such as in players in positions more suscepti-
ble to injury (e.g. front row forwards). 
This study is the first to provide data for global neck
strength in adolescent rugby players. A large variation was
found within each age group and a substantial number
Table IV. Multivariable linear regression of predictors of neck
strength (R2 = 0.621) (CI, confidence interval)
Variable B (95% CI) Beta p-value
Constant -6.42
Age 0.89 (0.46 to 1.31) 0.21 < 0.001
Weight 0.16 (0.11 to 0.22) 0.32 < 0.001
Grip strength 0.28 (0.19 to 0.37) 0.35 < 0.001
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Fig. 3
Bivariate correlation of predicted versus actual neck extension strength based
on multiple linear regression model R2 = 0.621.
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Fig. 4
Bland-Altman plot showing agreement between predictive model and actual
neck extension strength (error bars represent the 95% confidence intervals
(1.96×SD)).
157 D. F. HAMILTON, D. GATHERER, P. J. JENKINS, J. G. B. MACLEAN, J. D. HUTCHISON, R. W. NUTTON, A. H. R. W. SIMPSON
PUBLISHED BY BONE & JOINT
were found to have neck extensor strength comparable to
that of the 12-year-old mean, suggesting that current train-
ing regimes concentrate on limb musculature and place
insufficient emphasis on the neck musculature. Age,
weight and grip strength predicted 62% of the variation in
neck strength by logistic regression modelling that sup-
ports the use of these parameters for matching player
groups, however specific testing of individual neck
strength is advocated if precise information is required.
The authors would like to thank the pupils and staff at the three schools tested and
to Dr J. Robson and Mr N. Rennie of the Scottish Rugby Union for their ongoing sup-
port and encouragement with this project.
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